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ABSTRACT

This report tabulates detailed information on the
use of the calutron to produce Stable Isoctopes during
the period of .1946-194%9, inclusive. Where chemical recovery
1s incomplete, estimates of calutron production are shown.
Maximum purity attained for each isctope processed has been
included.
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CALUTRON PRODUCTION OF STABIE ISOTOFES, 1946-1949, INCIUSIVE

Preface

This is one of & series of reports describing phases of the program of
separating stable lsotopes by the electromagnetic method. The phase covered
in this report is the application of the calutron to isotope separation giving
particularly the amounts produced and the isotopic qualities attained.
Chemical qualities of the products are not discussed.

The program is under the direction of m' C. P. Keim, Division Head, of
the Isotope Research and Production Division, Y-12 Plant, Oak Ridge National
isboratories. The author is in charge of the calutron phases of the Isotope
Production and Process Development; and Leon 0. Love is directly responsible
for calutron operations. The preparation of charge meterials and the reflne-
ment of collected isotopes is performed by tﬁe Isotope Chemistry Group under
the supervision of Boyd Weaver; and Mass Analysis is performed under the
direction of R. F. Hibbs in encther division.

In early perts of the h-year period reported the followling persons
contributed materially to the growth of the gtable isoctope separation program:
V. C. Halll, H. I. Hull2, C. starrd, W. A. Arnold?, R. L. Carter®, L. G. Cheliusd,

and J. S. Hooda.

1. Now with TIME Mggazine, New York, N. Y.

2. Tow with Argonne Netional Laboratory, Chicago, Illinois.

3. Now with North-American Aviation, Los Angeles, California.

L. Now with the Biology Division, Oak Rldge National Laboratory.
5. Now with the Isctopes Division, Atomic Energy Commission.
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J. R. Walton agsisted the writer in preparing the factual material
presented in the report.

Introduction

Thig report summarizes all production of stable isotopes in the calutrons
of Building 9731 from the start of the program late in 1945 to January 1, 1950.
Future reports of this type will serve as supplements to this report particular-
ly as they reveal ac_rbua.l quantities in lleu of estimates given herein. Total
production has been given in terms of welghts and moles of elements. These
are not to be confused with the inventory of isctopes, the status of which
fluctuates and 1s reported at intervals.

History

The electromagnetic separation of all isotopes has proceeded through
several phases:

1) The trial of a wide variety of elements and compounds to ascertain
primary separation problems; this occupied most of 1946 and has continued at
intervals since.

2) The atandard.:l.zation of several lon source and recelver types to
readily cover the ranges of anticipated conditions; this began in 1946, receiv-
ed major emphesis in 1947, and has been subject to improvement since.

3) The processing of progressively more “difficult®* elements to

obtain research quantlties of all isotopes, with increasing emphasis since

1947.

* "pifficult™ in the senses of being extremely non-volatile, having non-
volatlle compounds, being virtually non-condensible, or ‘being extremely
rare and possibly unobtainable. .
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1) fThe processing of certain elements over relatively long periods
to f11l special demands; these collections began late in 19L47.

5) The reprocessing of meny elements at intervals for further study
and to supply the demand for them.

These general phases overlap and give rise to both unique and duplicate
problems. The 1.;1ms for exploration and reprocessing is usually short com-
pared to the time required for speclal problems arising from processing lerge
guantities, meeting high isotoplc purity, or overcoming special problems such
as are encountered with an element like mercury. Consequently the experience
with some elements is meny times that with another; iowever s the trend with
each 1s gtill to be able to ﬁprwe operating conditions and productlion rates.
Date

The 'bablee'p'esént.ed show the chronology of processing the elements,

the frequency of processing, the number of isotope samples, and the quantlties
In:oduced in the calutrons. The graph shows the general trend of production
and distribution with relation to tims.

Teble 1 liste the elements prcfcessed chronologically, successive tours
through the alphabet being the index.

Table 2 gives the series range during each semi-annual period, and the
elements processed may then be found by referring to Table 1.

Table 3 1s a measure of the productivity of each semi-annual period in
terms of the number of isotope samples produced in the calutrons. Some of
these samples were subsequently subdivided or combined for purposes of

distribution (see table 6).




Table & shows the productivity of each semi-ennual perlod in terms of
the tétal welght of each element produced. Where chemical recovery has been
completed, the recovered weights have been tabulated; otherwlse estimates
based on monitored ion currents are used. éu‘bsequen’c reports wlll revise
estimates to actual values.

Table 5 shows the productivity of each seml-annual period in terms
of the total moles of each elemsnt produced. These values are obtained from
Table 4 by dividing each weight given therein by the appropriate atomic
welght .

Teble 6 indicates the demand for stable isctopes in terms of the number
of isotope samples of each element obtained by users during each semi-annual
period.

Figure 1l is a graph 1llustrating the trends observable from the data
in Tables 3, 4, 5, and 6.

Table 7 is a detalled breakdown by isotopes of the infdrmation summarized
in Teble k. '

Table 8 is a su:mmary of the mass analysis data for each of the 1sot01;e
entries in Table 7, showing only the maximum purity attained in each particu-
lar semi-annual period. Omissions in the data will be reported subsequently.

Table 9 is a detalled breakdown by isotopes of the isotope distribution

sumarized in Table 6.
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Conolusions

From Table 5 and Figure 1, it 1s apparent that calutron production has
increased about 600% after four years of effort. The trend indicates that
maximum productivity is near with utilized equipment, although this 1s flavor-
ed by changing emphasis--special collections and attempts to process
"very difficult" elements acting to reduce total productivity. Table 6 and
Figure 1 indlcate that demand for Stable Isotopes has been greater in each

successive semi-annual period since July 1, 1947.

APFROVED: ADTEDR

C. P. Keim

Lt e Mo jA—-

e e T Tt oty AR i T, A . e v —_ - AR A Y T N Ay e i e - P 2 Ee—y



NolLNgId1isid B8 NOILONAOHd 3d4010S1 378VLS NI SAN3Y¥YL 1 J¥n9old

6v6! 646} 8bv6! gv6l h@.m_ L¥ 61 9v6l 9v 61
1€ 030 og aNne 1€ °030a 0¢ 3anNne i€ °03a 0o¢ aNnr I€ "930 0O€ 3NNne .
I ANne 1°NYP P Ane 1°'NYP 1 Ang | °'NVYP 1 Ane I'NVP
Z /. / P77 P 7 o] © ,
A/VA 7.7 77, 7.7, 7/, YA/ 7.
Z7 7 7 // 77 Y, 27
v’ V/ VA/VA /7 1.7, 7 VA/VA
/7 YA/VA YA YAZY 77 7/ 7 '
A7/ /7 A/ 7/ 7/ Y AZYA VA/V
77 /7, 97 77 7, 77, ,
77 707 77 777, 77 7 P
PAZY A 7, 11747, 7 7, YAZYA
A/ V7 7 VAV, 7 VA?
7 /7. 707 77 707 7 oS
777 / 77 77 77 nN7Zy7
7/ YAZY A 7 YAV VA '
\“ VA7 77 7, A/ G
i/ Y/ A7 7/ 7 e
\\\ ‘\ \\ /7, /. k\ \\ W..
/Y 7. /7 - 7007 %
7 7 797, m,
%% A %7 .M
\\\w \\\\\ \\\ ..v OO— 4r
% 7 722 Z :
775 m77 7 = =3 o
7 AAT] + .
\\\ /. N N G
\0 7 4/ I 1 —
AV f N\ + Pd L s
4% / , S BoaNE os1 §
\\\ /r - - — o
/ ) == v
m
[ w
= u 002 > )
\ 2
% Y 1 v th
\ I m i
)
\ < 3
1 > g5 052 :
N Y I iy
] \
N \ Fi \J :
3 ~ @39na0¥d SITON ON =---- m )
N a3onago¥d SWVH9 ‘ON
< @3LneIyLsSIa S31dWVS ON WZZZ 4 g ooe :
I
N @30NA0Y¥d S3TIWVS ON [
~ -




Table 1

Chronological Index of Elements Processed

Series Element-

A Copper

B Iron

C Iron

D Chromium

B Iron

F Iron

G Uranium

H Lithium

I Lithium

J Nickel
Copper

K Nickel
Copper

L Carbon

M Carbon

N Silver

0 Iead

P Magnesium

Q Magnesium

R Molybdenum

-S Silver

T Molybdenum

U Silver

Series Element
AA Zirconium
AB Cadmium
AC Cadmium
£D Indium
AE Antimony
AF Indium
AG Zinc
AH Zinc
AT Silicon
AJ Silicon
AK Selenium
AL Tin
AM Iron
AN Selenium
AO Bromine
Ap Urenium
AQ Lead
AR Lithium
AS Nickel
Copper

AT Nickel
Copper

AU Tellurium

10

Series Element
BA Iron
BB Iron
ZéC Tin
BD Germanium
BE Germanium
BF Titanium
BG Tungsten
BE Indium
BI Tin
BfT Potassium
BK Zinc
BL Strontium
BM Boron
BN Calcium
BO Iead
BP Tellurium
BQ Lithium
BR Thallium
BS Selenium
BT Ant imony ]
BU Thallium



Table 1 - Continued

Chronological Index of Elements Processed

11

Series Element Series Element Series Element
v Calcium AV Chlorine BV Thallium
Copper
W Potasgliun AW Molybdenum BW Silicon
X Calcium AX Cadmium BX Thallium
Y Uraniunm . AY Tin BY Thallium
Z Strontium y:VA Iron Bz Magnesium
CA Tellurium DA Potassium EA Silver
CB Mercury IB Potassium EB Silicon
cC Thalllium DC Oxygen EC Tin
CcD Chromium Ip Cerium ED Lithium
CE Cadmium IE Indium EE Zirconium
éF Thallium - IF Nickel EF Lanthanum
CG Thallium G Barium
CH Thallium DH Chlorine
CcI Iron DI Calcium
CcJ Thalllum DJ Mercury
CK Zirconium X Iron
CL Tungsten DL Iron
Copper
CM Potassium CM Iron
CN Lead DN Iron
co Indium Do Iron
CP Rhenium DP Boron

AR SO a3
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Table 1 - Continued

Chronological Index of Elements Processed

Series Element
cq Indium
CR Tin
Cs Calcium
cT Lithium
cu Lithium
cv Zirconium
oW Cerium
TX Sulphur
cY Selenium
Ccz Iron

Series Element
DQ Beryllium
IR Mercury
DS Beryliium
r Potassium
DU Copper

v Lithium
DwW Cerium

X Tellurium
DY Selenium
Dz Magnesium
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Table 2

SERTES RANGE

By 6 Month Intervals

Period

Jenuary 1, 1946
June 30, 1946

July 1, 1946
Decenmber 31, 1946

Jenuary:il, 1947
June 30, 1947

July 1, 1947
December 31, 1947

Janpery 1,198
June 30, 1948

July 1, 1948
December 31, 1948

Jenuaery 1, 1949
June 30, 1949

July 1, 1949
December 31, 1949

FEOA LRI 7§ 202 Xy UL L A T

Series

A-W

AS-BL
BM-CG
CH-DA
DB-DK
DL-IT

DU-EF

13



Element
Lithium
Beryllliun
Boron
Carbon
Nitrogen
Oxygen
Magnesium
Silicon
Sulphur
Chlorine
Potassium
Calcium
Titanium
Chromium
Iron
Nickel
Copper
Zinc
Germanium
Seleniun

Bromine

STABIE ISOTOPE SAMPIES FRODUCED IN THE CALUTRON

Table 3

By 6-month Intervals

14

1046 1047 1048 1949

Jan. July Jan. July Jan. duly Jan. July
June Dec. June Dec. June Dec. June Dec. Totals
ly 2 2 L L 16
3 3
2. 2 i
2 2
1 1
2 2
6 L 3 13
3 L 3 10
) 5
2 3 5
3 3 6 | 3 18
3 5 6 3 6 23
5 5
X 5 * 9
18 b 12 8 3 85 130
10 5 T 22
3 3 | 2 2 10
> 5 10
s | ;
6 6 ; 7 * 6 25
2 i o




Table 3 - Continued

5

1946 1947 1948 1949
Jan. dJuly Jan. July Jan. dJuly Jan. July
Element June Dec. June Dec. June Dec. June Dec. Totals
Strontium 3 L T
Zirconium 5 13 5 23
Molybdenum 8 T 15
Silver L 2 6
Cadmium & 3 8 17
Indium L 2 L 2 12
Tin . 10 21 10 . 10 51
Antimony 2 2 4
Tellurium 8 8 8 ol
Barium 9 9
Lanthanum 2 2
Cerium 3 L L 11
Tungsten 5 6 11
Rhenium 2 2
Mercury 3 5 157 165
Thallium 18 ‘b 22
Lead L4 5 5 18
Uranium 1l 2 6 9
Tot.Elements 13 15 15 13 14 12 6 11 39
Tot.Semples| 70 63 9 T3 80 51 252 k9 728
Samples/Mo. 11.7 10.5 | 15.0 12.2 13.3 8.5/ k2.0 8.2 15.2
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Table U4

STABIE ISOTOPE PRODUCTION-GRAMS OF EIEMENT

By 6 Month Intervals

1916 2947 1918 1949

Jan. dJuly Jan. July Jan. July Jan. July
Element _c.'_[li_n_e_ _1_)_e_c_ June Dec. June Dec. June Dec.
Lithium ' éﬁé '6;8 7.3 7.8 49.8%
Beryllium 0.00h*
Boron 0.07T* 3.1%
Carbon 0.2
Nitrogen —— %%
Oxygen 0.24*
Magnesium| 3.6 10.2 54 .9%
Silicon bk 18.8 11.8
Sulphur 0.8
Chlorine 0.0k 2.6
Potassium|{ 0.7 1.7 ho.0 7.7 10.8
Calcium | 0.k 1.5% 9.9 0.7 28.7
Titanium 6.7
Chromiuwm | 3.8 46.3
Iron 28.4 3.2 |61.8 70.5 13.3  923.0%
Nickel 8.0 8.2 26.9
Copper 6.0 k.9 0.85% 38.%
Zinc 1.9 9.5
Germanium 13.5
Selenium 1.4 10.6 6.3 11.9%
Bromine 0.06
Strontium 6.1 2.8
Zirconium 1.2 28.0 39.5%
% Egtimated

*% Experimental

16

Iotals
67.8% g
0.00k*
3.0%
0.2
-—¥%
2%
68.7%
35.0
0.8
2.6
61.0
4o.7¥
6.7
50.1
1100.2%
43.0
50.2%
11.k
13.5
30.35%
0.06
8.9
68.8%
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Table 4 - Continued
1946 10W7 IOk 1949
Jan. July Jan. dJuly Jan. July Jen. July
Element June Dec. June Dec. June. Dec. June Dec. Totals
Molybdenum | 17.3 9.4 26.7
Silver 12.2 9.0 21.2
Cadmium 2.3 L7 28.3% 35.3%
Indium hyx| 2.2 28.3 20.7 55 .6%
Tin 3.8%| 19.8 46.3 76.9% | 146.8%
Antimony RRTY . 2.0 6.4
Tellurin 6.7 29.1 2h.2 60.0
Barium 12.7 12.7
Lanthenum 25.07] 25.0%
Cerium 4.6 16.4 11.6 32.6
Tungsten 4.8 10.4 15.2
Ruenium 6.0 6.0
Mercury 0.03 0.2 | 39.6% 39.9%
Thallium 418.0 7.k 55.4
Lead 1.3 4.0 19.3 17.9 2.5
Uranium 65.1 12%.1 0.013%%* 192.3
Total 149.2 166.6% [156.7 229.9% 275.0 129.55*977.35*35300* 2437.0
Avg./Samplej 2.1 2.6 | 1.7 3.1 3. 2.5 | 3.9 7.2 3.3
* Estimated
*% Experimental
*e¥ Special AEC Order
a Iow Due to Speclal AEC Order



Table 5

STABLE ISOTOFE FRODUCTION-MOLES OF EIEMENT

By 6 Month Intervals

1946 b7 1948 1949

Jan. dJuly Jan. July Jea. dJuly Jan. July
Element June Dec. June Dec. June Dec. _June Dec.
Lithium |.317 .1l15 1.052( 1.123 T.176%
Beryllium . 000k*
Boron .006 .287*
Carbon 017
Nitrogen . - %%
Oxygen .015%
Magnesium| .148 419 2.257*
Silicon 157 .670 421
Sulphur .025
Chlorine .001 073
Potasgsium| .018 .043 1.025 .197 ] .276
Calcium |.010 .037* 247l L0177 .716
Titanium .1k0
Chromium |.073 .890
Tron .509 .057 |1.107 1.263 .238 | 16.53"
Nickel .136 .10 458
Copper .09 077 .013*%  .604
Zinc :029 .145
Germanium .186
Selenium .018 .134{ .080 L150%
Bromine .0008
Strontium L0701 .032

*Estimated
**Experimental

18

Totals

9.769%
.000k*
294 *
.017
"
.015%

2.825%

1.248
.025
Noys

1.560

1.015 *
.140
.961

19.7%
133
-790%
L17L
.186
.38k
.0008

.102



Table 5 - Continused

1946 Aoh7 1018 19k9
Jan. July Jen. July Jean. July Jan. July

Element June Dec. June Dec. dJune Dec. June Dec. Totals
Zirconium .013 L, 307 L433% LTS5k
Molybdenum.180 .098 .278
Silver 113 .083 196
Cadmium .020 | .0k2 .252% .31k
Indium .038% .019 247 .180 4 8hx
Tin .032% .167 .390 . 6L8* 1.236%
Antimony .036 .016 .053
Tellurium .053 .228 .190 A7
Barium .092 .092
Lanthanum .180% .180*
Cerium .033 .117 .083 .233
Tungsten .026 .057 .083
Rhenium .032 .032
Mercury .001 .001 L197%* .19G%
Thalllium .235 .036 271
Lead .006 .019 .093 | .086 205
Uranium | .273 .534 . 00005%%* .807
Totals 1.89% 1.176% 2.276 h.2h§*hu7l9 2.0878ﬁf7.29§ 12.225% 45 .90k*
Avg.Samp. .027 .019 .025 .058 .059 .0kl .069  .2h9 0.06%

* Estimated

*% Experimental

Skl Special AEC Order

a Iow due to Speclal AEC Order

NI
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Teble 6

Stable Isotope Sampdes Shipged*

By 6-Month Intervals

1956 b | 198 2949
Jan. July Jen. July Jan. July Jen. July

Element June Dec. June Dec. June Dec. June Dec. Total
Lithium ! 9 6 |6 29
Beryllium 2 2
Boron 1 1
Carbon 1 1
Nitrogen
Oxygen
Magnesium 9 5 6 6 26
Silicon 2 3 3 8
Sulphur 2 2
Chlorine 1 2 3
Potassium 4 1 3 10 T 8 33
Calcium 2 6 2 it 2 3 3 22
Titanium 3 b 9 16
Chromium 8 1 1 5 3 T 2>
Iron 3 b 2 1 7 3 6 L 30
Nickel 12 2 6 b 2 T 33
Copper 2. 3 2 1 1 3 12
Zinc 1 5 5 2 9 22
Germanium 2 1 6 b 13
Selenium 1 7 3 1 3 12 e
Bromine
Strontium 3 5 6

% Information supplled by L.

. Commission

G. Chelius, Isctopes Division, Atomic Energy

20



Teble 6 - Continued

19ke 1947 1918 1949

Jan. dJuly  Jan. July dJan. July Jan. July
Elements June Dec. June Dec. June Dec. June Dec.  Total
Zirconium 9 1 10 5 6 31
Molybdenum 17 8 o 3 5 6 7 48
Silver L 2 1 2 1 L L
Cadmium 5 9 2 7 |15 7 L5
Indium 3 2 1 2 L 12
Tin 1 8 3 |1 17 | 13 6 59
Antimony 4 5 2 2 2 15
Tellurium 1 2 23 | 1 8 48
Barium 1k 6 20
Lanthanum
Cerium 1 L 5
Tungsten 1 T > 12 25
Rhenium 4 L 8
Mercury 3 3
Thallium 2 L 5 11
Lead 8 L2 L 3 9 30
Uranium
Total 5 87 600 28 |8 121 (131 171 685

S—
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Table T

Steble Isotope Production-Grams of Isotope

By 6-Month Intervals

22

1946 1947 1948 1949
Jan. July Jen. July Jan. July Jan. July
Element Isotope June Dec. June Dec. June Dec. June Dec. Total
Lithium 6 .100 .020 457 {1.098 3,296% L.971*
T 2.106 .T30 6.800 |6.692 46.459% | 62.787*
) 2.206 .T750 7.257 |7.790 9.755% | B7.7o0*%
Beryllium 9 - - - - - -
10 .O0k* . O0k*
" OOk* . O0L*
Boron 10 LOLT* .52h% .5 1%
11 .052 2.56T% 2.619%
. 069% 3.091¥% 5. 160%
Carbon 12 .216 216
13 .011 .01l
227 227
Nitrogen 1k I R
15 - FH] ———¥
Oxygen 16 .218% .218%
17 .008* .008%
18 .01h* .01h*
.oh 0% KA
Magnesium2h 2.561 4,199 43.128% | 49.888%
25 -S51" 2.959 5.875% 9.385%
26 539 2.932 5.899% 9.370%
28 - .091 - .091
5.651 10. 161 5L.902% | 68.734*
Silicon 28 3.949 . 16.598 10.975 31.522
29 278 | 1.078 Q73 1.829
30 .183 0.678 .310 1.171
32 - 0.515 - .515
- T.Lk1o 18.869 11.758 35.037
Sulphur 32 L2k Lok
33 <179 -179
3k .185 .185
36 .020 .020
38 | _.006 .006
.81k .81k
% Ragtimated

*% Experimentel

i Vg v g —T T > LU et




25
Table 7 - Contlinued

1946 1947 1948 1949
Jan.,. Ju]y Jan. July Jan. July Jan. July

Element Isotope June Dec. June Dec. June Dec. June Dec. Total
Chlorine 35 .039 1.823 1.862
36 - .072 .072

37 . 003 665 .668

Ou2 2.560 2.602

Potassium 39| .51k 1.620 35.428 5.682 | 9.408 52.652
ho| .072 .02k 1.850 .T727 .029 2.702

41| .111 _-093 2.730 1.339 [ _1.372 5.645

.697 1737 §0.008 T.748 | 10.809 60.999

Calcium Lo| .031 1.369 a.o3h - 27.115 36.549
iv] - .019 2111 - .822 952

43 - -015 028 | - 113 .156

Wyt .009 .039 1.689 597 .63h4 2.968

46| .003 .00L* L0064 .01k .020 . Olihi*

48 - -008% .008 .0k2 .013 .O71¥

.03 1.h51 . 9.876 L6535 RBILT L0.7hO*

Titanium L6 .582 ! .582
y7 524 .52k

48 }.666 4,666

49 77 . 77

50 b5 b5

6.69h .65k

Chromium 50| .237 2.489 | .. - 2.726
52 | 3.190 38.688 |.. , 41.878

53| .295 Y.o01 | . - ' k. 296

54| .086 1.069 S i 1.155

56 - .01k : i .01k

3.808 18.261 0. 069
Iron 54| 1.809 .397]| 2.393 3.662 - 45.655% 53.916%
56 p4.867 2.650|58.379 65.023 12.980|86.888% 1030.787*
511 .695 .090{ .809 1.563 .258] 5.715% 9.130%

58| 1.005 _.068| .25k 266  .022{ L4.7Oh* 6.319%
28.576 3.20D [61.03D 70.51% 13.260|922.962% ; 1100.152%

Nickel 56| . = - .318 ) .318
58 | 5.110 2.548 18.465 26.123

60 | 2.382 4.680 7.162 14,22k

61| .135 ie28 .172 .535

62| .313 640 .691 1.644

64| .OT3 .089 . 067 .229

. 66 - - .005 .005
8.013 8.185 26.880 “13.078

% Estimated

S gremm o e+ e e o s . x PIOSRN, e e s x jearoers
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Table 7 - Continued

2k

1946 19h7 90u8 1949
Jan.  July Jen. - July Jean. L July Jan. July
Element Isotope June Dec. June Dec. June Dec. June Dec. Total
Copper 63 |[L4.392 h.gh2 .596 21.3T71| 31.301
65 |1.628 .003 250% 16.997| 18.878*
6.020 L.9L5 TBhex 3B.368| 50.179%
Zinc 6k 423| 3.309 3.732
66 .989| 2.080 3.069
67 .00k | .625 .629
68 L1663 3.109 3.572
70 .03 k05 48
1.922| 9.528 11.450
Germanium 70 3.049 3.049
T2 3.851 3.851
V6] .92k .924
(s 4. 484 L. L84
76 1.226 1.226
15.55k 15.55k
Selenium T2 - - .118 - .118
T .093 217 .338 .220% .868*
T6 .168 .921 | 1.00k 2.080% b, 173%
7 .197 1.232 | .949 1.503 3.881
8 .366 2.021 | 1.873 3.351 T.611
80 L1l 5.0%39 | 1.175 3.083 9.708
82 -.186 | 1.194 | _.864 1.670%| _ 3.91h*
1.521 10.62% | 6.321 11.907%| 30.273%%
Bromlne T9 <017 017
81 .0381 .03%8
.055 .055
Strontium 84 .089| .026 .115
86 LT 648 1.362
87 - .992 .992
as 5.255| 1.177 6.432
~6.058| 2.843 —8.901
Zirconium 88 .- .002 - .002
90 .538 15.07k 20.489%| 36.101*
91 .197 3.385 L hhhx 8.026%
92 213 4,163 6.699%| 11.075%
ok 237 b .66k 6.810%f 11l.711¥
92 .055 593 1.066%|  1.71lh*
9 - .132 - .132
1.240 58.013 39.508% 38.7%1*

% Estimated
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Teble 7 - Continued
1946 1947 1948 1949
Jan. July Jean. July Jan. July Jan. July
Element Isotope June Dec. June Dec. June Dec. June _Dec. | Total
Molybdenum 92 | 2.223 1.314 3.537
. ok | 1.709 .812 2.521
95 | 2.812 1.643 4. 455
96 | 3.99% 1.822 5.815
97 | 2.168 1.152 3.320
98 | 2.623 1.676 4,299
100 | 1.581 .994 2.575
102 147 1l - - 1h7
17.256 9.413 26.669
Silver 107 | 6.014 2.232 8.246
109 | 6.12 6.778 12.901
12.137 9.010 21.147
Cadmium 106 A8k |- - 489 .673
108 - 611 .hok 1.015
110 - 12.092 3.010 5.102
111 .348 - hk.1l02 4. 450
112 - |1.967 5.863 7.83%0
113 431 - 5.882 6.313
114 .869 - 6.850% 7.719%
116 455 - 1.7hk 2.199
2.287 |F.670 28.345* 35.301%
Indium 113 L1hxp 833 1.012 1.752 3.Th1%
115 4.245% 1.386 27.302 18.900 51.833%
§.389%|2.219 28.514 20.652 55. 574
Tin 112 .006 | .031 .061 L9z .591%
11k .013 | .015 .110 L60% .598%
115 .010%| .098 .160 .515% .783*
116 .732 |1.851 4,194 9.936%| 16.T71%*
117 409 | .903 4.788 6.16h%| 12.264%
118 1.453 |3.476 8.549 17.608%| 31.086%
119 .027 |1.809 5.059 6.798%] 13.693%
120 1.107 |9.945 18.230 27.359%| 56.6h1%
122 .o48 | .893 2.732 3.3h0% T.013%
124 .036 | .728 [2.371 4, 235% T.370%
3.841%[10. 749 F6.25E T76.908%| 1h6.752%
Antimony 121 2.209 .29; 2.600
123 2.175 1.61 .79
.3 2.009 %.393

% Estimated
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26

1947 1948 1949
Jan. July Jen. July Jean. July Jan. July

Element Isotope June Dec. June Dec. dJune Dec. Total
Tellurium 120 .013  .ObT .080 .140
122 060 .Lk62 633 1.155
123 .0bg  .315 .hok .768
12k .198 .8kl 1.821 2.860

125 .280 2.878 .928 4.095
126 1.535 6.264 4.482 12.281
128 2.245 10.010 7.835 20.090

130 2.262 8.326 7.986 18.57h

6.651 29.143 ok, 169 59.963

Barium 128 .003 .003
130 .012 .012

132 .053 .055

134 .527 527

135 1.102 1.102

136 1.175 1.175

137 2.754 2.754
138 6.886 6.886
140 .220 .220

12.732 12.732

Tanthenum 138 2.5% 2.5%
139 22 ,5% 20 .5%

25.0% 25.0%

Cerium 136 - .076 .266 342
U 138 .156 .23k .54 1. 14k
140 3.867 14.823 8.708 27.3%98
142 .539 1.256 1.90k 3.699

.562 16.389 11.632 32.583
Tungsten 180 .017 .180° .197
182 379 3.076 3.455

183 846 1.716 2.562
184 1.926 3.262 5.188
186 1.587 2.10L 3.691
188 - 1_.080 .080
L.755 70.54+18 15.173
Rhenium 185 3.267 3,267
187 2.691 2.691
5.958 5.958

* Estimated.
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meble 7 - continued

1946 1947 1948 1949
JanJuly Jen.” July Jex. July Jar,  Jduly
Element Isotope June '_Dec. June Dec. dJune Dec. June Dec.
Mercury 196 .010 - .300%
198 .005 - 5.352%
199 - - 15.009*%
200 .011 - 1.491%
201 - - 10.208%
202 - - 5.122%
20k - | .198 |2.15k
026 .198 [39.636%
Thallium 203 26.479 | 1.62k
205 21.513 | 5.774
T7.992 | 7.390
Lead 204 | .172 .4OS 1461 |2.258
206 | .270 1.566 4.798 | 6.582
207 .280 1.107 4.411 16.913
208 | .610 .87T 9.h52 | 1.582
210 - - .198 | .561
1.332 3.955 19.320 [L7-596
Urenivm 238 165.1% 127.123

27

% Estimsted.
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Maximum Purities of Concentrated Stable Isotopes-Per Cent

Teble 8

By 6-Month Intervals

28

Nat. 1946 1947 1948 1949
Iso- Abund. Jan. July Jan. July Jan. dJuly Jen. July Best
Element tope Per-Cént June Dec. June Dec. June Dec. June DeC. Prod.
Lithivm 6 7.39 | 93.91 95.5 95.4 | 99.4 ¥ | 99.k
T 92.61 99.91 99.5 99.81 99.6 X 99.91
Baryliwm 9y | 100.0 P Y
10 .0002% 0.27 0.27
Boron 10 18.83 X X X
11 81.17 X X X
Carbon 12 98.9 X X
13 1.1 X X
Nitrogen:-1% 99.62 X X
15 0.38 X X
Oxygen 16 99.757 X X
17 0.039 X X
.18 0.204 X X
Magnesivm 24 78.60 99.5 99.52 X 99.52
25 10.11 83.22 86.8 X 86.8
26 11.29 97.0 95.91 X 97.0
D8%% - <0.0k4 {0.0
Silicon 28 92.28 99.4 98.1 X .99.4
29 4.67 68.6 63.6 X 68.6
50 3.05 63.9 49.6 X 63.9
Fo** - . <0.01 £0.01
Sulphur 32 95.06 X X
33 0.7k X X
34 %.18 X X
36 0.016 X X
38%% X X
Chlorine 35 754 79.5 92.4 92.h
36%* - - X X
37 24.6 34.0 65.6 65.6

oo
[

i*

-X Mass Analysls not yet available.

Y Material not recovered.

Pile-produced radlo-l1sotopes; abundanc
Isotope not established.

Bl = L At

e estimated by activity

-



Teble 8 - Continued

29

Nat. 1946 1947 1948 1949
Iso-  Abund. Jan. July Jen. ~ July Jan. July Jan. July Best
Element tope Per Cent June Dec. June Dec. June Dec. June Dec. Prod.
Yotasslum 391 93.3 99.93 99.5 99.9% 99.7k| 99.89 99.9k4
ko 0.011 0.16 0.40 1.31  0.%0| T7.13 7.13
b1 6.7 88.36 92.9 95.45 91L.61| 98.9% 98.94
Calcium k40| 96.96 98.6 99.97 98.9| - X 99.97
4o 0.64 - 61.4 56.1| - 28.3 61.k
43 0.15 - 34.4 59.9| - X 59.9
4y 2.06 95.8 21.1 85.496.2 91.9 96.2
46| 0.0033 X X 96.48 4.8 x 96.4B
48 0.19 - 13.1 83.9 |62.2 X 83.9
Ttenium 46 7.95 84.26 84.26
b7 7.75 82.05 82.05
L8| T73.45 99.23 99.23
49 5.51 T7.62 77.62
50 5.34 8L .69 84.69
Chromium 50 4.49 73.76 hi.2 73.76
52| 83.79 99.1%4 99.1 99.14
53 9.43 88.59 92.1 92.1
54 2.30 61.0 83.1 83.1
S56%% - - - -
Iron 54 5.81: 83.05 L9.2 | 87.9 8.3 - - 87.9
56| 91.64 98.62 98.9 | 99.0 96,5 X - 99.0
57 2.21 73.01  33.2 | 17-6 50.7 X .6 77.6
58 0.34 40.7 10.3 | 35.1 k6.0 55.9 | 86.0 86.0
Nickel 56%% - - - - - - - - -
58| 67.76 98.51 99.3 92.7 99.3
60| 26.16 L.l 97.7 95.0 97.7
61 1.25 78.83 80.4 72.2 80.4
62 3.66 ok .25 ok.7 91.2 ok.7
64 1.16 85.1 97.% 80.6 97.4
66x% - - - - -
Copper 63| 69.09 97.0 99.7 X X 99.7
65| 30.91 93.1 90.6 X X 93.1

B Repeat Assay exhausted sample.

X Mass Analysis not yet avallable.
#* TIgotope not established.

TRt
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Table 8 - Continued

1946

30

it}

Net. 1947 1948 - 1949

Iso- Abund. Jan. July Jan. July Jen. July Jan. July Besi

Element tope DPer Cent June Dec. June Dec. June Pec. dJune Dec. ) Prod

Zinc 64 48.89 83.8 | 93.k 93.?

. - 66 27.81 78.% | 716.1 8.4

67 k.07 62.6 X 62.6

68 18.61 72.6 | 93.9 93.9

T0 0.62 32.9 | 32.0 32.9

Germanium 70 20.55 88.1 88.1

T2 27.37 89.2 89.2

T3 7.61 68.9 £8.9

T4 36.74 95.2 , 95.2

76 7.67 79.3 PT9.3

elenium 72 - - - £0.005 - 1K0.005

® ;u*ﬂ 0.87 6.5 .1 | 12.3 X ' i

76 9.02 43.5 41.5 |54.8 X 54.8

7 7.58 50.1 55.6 |L49.k X 53.6

8 23.52 19.3 72.7 18L.7 j X 81.7

8o | 49.82 86.7 94%.6 191.7 X ok.6

82 9.19 49.6 Yh.h 151.6 X 51.6

i

Bromine 79 50.5 90.54 | 95 ,‘ih
81 49.5 91.41 g 01.41

Srontium 8% 0.56 27.2 {61.6 i i 6.6
86 9.86 69.9 188.2 : i . 282 -

87 7.02 . 73.1 | . T3

88 82.56 98.9 199.5 3 : 59.2

Zir conium 8g** - - - - -

90 51.46 91.7 :98.00 X 55.2C

91 11.23 54.4 186.6 X 25.6

92 17.11 85.6 -92.7 X ; 92.7

9k 17.%0 82.1 92.8 X 92.8

96 2.80 40.6 .6 g X | 7k

oB¥%* - - - ' - |. -
.ot l i

Molybdenum g2 15. 86 02.07 95.5 ‘ 25.5

gl 9.12 [74.68 79.1 3.1

95 15.7 80.75 88.0 e85

96  16.5 |85.9% 90.6 9.6
97 9.k5 1T7.97 754 77,97

98 | 23.75 195.00 96.3 ' 26.3

100 9.62 190.2k 93.0 L 95.0
loaxx - KO.21 - ' ¢0.21

** isotope not established.
X Mass analyeis not yet avallable.

NV VIR See et T T T DTRATT TR ey ST
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meble 8 - Continued

31

Nat . 1946 1947 1948 ' 1949
Iso- Abund. Jan. July Jan. July Jan. July Jan. July 3Best
Element tope ZFer Cent June Dec. June Dec. June Dec. June Dec. Prod.
Silver 107 51.35 |88.96 X 88.96
109 418.65 [95.88 X 95.88
Cadmium 106 1.215 19.94| - 13279 32.9
108 0.875 - 1.2  24.8 24.8
110 12.39 - 55.8 70.0 70.0
111 12.75 53.3% - 64.5 64.5
112 2Lh.07 - 79.3 83.5 83.5
113 12.26 25.5 - 54,1 5h.1
114 28.86 79.52| - 9k.2 oh.2
116 7.58 2k . 01| - 1.2 1.2
Indium 113 4.25 . x |22.8 65.% 1k.2 65.4
113. | 95.T7 99.56| 99.6 99.9 99.92 99.92
Tin 112 0.90 X 30.8 45.5 X 45.5
114 0.61 X 19.2 2h.1 X 2h.1
115 0.35 X 4.5 12.1 X 12.1
116 14.07 76.3 | Th.5 X X 76.3
117 T.54 X 5.3 X X 5.3
118 23.98 X 91.8 X X 91.8
119 8.62 X 78.5 X X 78.5
120 33.03 X 95.4 X X 95.4
122 4.78 X T70.7 X X T70.7
124 6.11 X 71.0 83.1 X 83.1
Antimony 121 57.25 99.4 97.7 99.4
123 42.75 96.7 95.6 96.7
Tellurium 120 0.091 18.0 13.7 X 18.0
122 2.49 77-8  T79.k X 79.4
123 0.89 34,9 145.8 X 45.8
124 4.63 72.5 83.9 X 83.9
125 T7.01 81.1 87.9 X 87.9
126 | 18.72 93.2 95.4 X 95.4
128 | 31.72 93.5 9hk.h X oh.h4
130 3uih6 95.0 97.k X 97.4
Barium 126*"4 -“.‘ - -
130 | 0.10% 16.0 16.0
132 |0.10 * 7.43 7.43
3 |22 b ~ 51.39, 51.39
135 | 6.59 - 67.323 67.32
136 | 7.81 50.02, 50.02
137 [11.32 38.98: 38.98
138 |7L.66 98.04; 98.04
1o¥% - - ! -
*¥% JIgotope not established. -

X Mass analysis not yet availeble.
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Table 8 - Continued

32

Nat. 1946 1947 1948 1949
Iso- Abimd. Jan. July Jan. July Jsn. July Jan. July Best
Element tope Per Cent June Dec. June Dsc. June Dec. June Dec.  FProd
Tanthenum 1587  0.09 X X
139 [ 99.91 X X
Cerium 136 0.19 - 16.6 8.94| 16.6
138 0.25 - 8.9 4. 4o 8.9
1ko| 88.48 98.5 98.7 X 98.7
42| 11.07 X 87.4 83.h2] 87.h4
Tungsten 180 0.12 9.0 [ 4.95 9.0
182 25.77 94.25 91.58 9k .25
183 1k.24 86.21 82.01 86.21
184 | 30.68 95.72 91.1h4 95.72
1861 29.17 97.94 97.17 97.94
188%% - - ) <0.05 <0.05
Rhenium 185 37.07 X X
187 | 62.93 98.22 98.22
Mercury 196| 0.15 - - 8.hL 8.44
1981 10.1 - - 83.29 83.29
199 17.0 - 73.09 73.09
200 23.3 8L.5 - 91.3 91.3
201 13.2 - - 71.8 71.8
202 | 29.6 - - 98.3 98.3
204 6.7 . - 49,6 | 92.8 92.8
Thallium 203{ 29.1 86.0 X 86.0
205| 70.9 98.7 {90.5 98.7
Lead 204} . 1.5 7.8 16.69 235.% |27.0 27.0
206 23.6 [15.67T T7.9 TL.3 |81.0 81.0
207| 22.6 [61.55 uB.2 66.8 | 61.6 66.8
208! 52.3 [92.1 X 96.6 |95.8 96.6
210%% - - - 0.15 |[€0.01 0.15
Urenium 238| 99.28 [99.996 99.997 99.997

#% TIsotope not established.

X Mass analysis not yet availlable.
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Table 9

Stable Isotope Shipments - By Isotope¥

By 6-Month Intervals

. 1946 1947 1948 1949
Atomic Jan. July Jan. July Jan. July Jan. July
Number _ Isotope June Dec. June Dec. June Dec. June Dec, Total
3 11 6 2 6 5 " w | 21
T 2 3 1 2 8
4 Be 10 2 2
5 B. 11 1 1
6 c 12 1 1
12 Mg 2L 2 2 - 2 1 7
25 4 2 2 3 11
26 3 1 2 2 8
14 si 28 1 1 1 3
29 1 1 1 3
30 1 1 2
16 s 32 1 1
3k 1 1
17 Cl 35 1 1
37 2 2
19 K 39 1 3 1 5
ko 2 1 3 5 L 7 22
iy 1 2 2 1 6
20 Ca 40 .2 . 1 : 1 1 5
4o 1 1 1 3
43 1 1 1 3
bl 2 2 1 1 6
46 1 1 2
48 1 1 1 3
22 i 46 1 3 L
L7 2 1 3
48 1 1 2
49 1 1 3 5
50 1 1 2
2k Cr 50 2 1 1 2 2 8
52 2 1 1 1 )
53 2 2 3 7
54 2 1 1 1 5

¥ Informetion supplied by L. G. Chelius, Isctopes Division, Atomlc Energy
. Commiassion.
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Table 9 - Continued

1946 1947 1948 1949
Atomic Jan. July Jan. July Jan. July Jan. July
Number Isotope June Dec. June Dec. June Dec. June Dec. Total
26 Fe 54 1 2 1 3 1 1 10
56 1 2 3
51 1 1 1 1 ] 3 1 8
58 1 1 1 1 2 2 2 10
28 Ni 58 3 1. 1 1 1 2 9
60 3 1 1 1 6
61 2 2 1 1 6
62 1 1 1 1 L
64 3 1 1 1 2 8
29 Cu 63 1 2 1 1 1 1 7
65 1 1 1 5
30 Zn 64 1 1 1 2 5
66 1 2 5
67 2 b L
68 1 1 1 2 5
T0 1 3 1 5
32 Ge T0 1 2 1 I
T2 11 2
> 1 1 1 3
T 1 1
76 1 11 3.
34 Se Th 1w 1 1 2 5
76 1 1 1 3
7 1. 1 1 2 5
78 2- 1 11 5
80 1 1. 3 5
82 1. 3 L
38 sr 84 1 1
86 1 1 2
87 1 1
88 2 2
4o zr 88 1 1
90 1. 2 1 2 6
91 2 1 2 1 6
92 2 2 2 6
9k 2: 2 1 5
96 2z 2 3 7
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Tgble 9 - Continued

1946 1947 1048 1949
Atomic Jen. July Jan. July Jen. July Jan. July
Number Isotope June Dec. June Dec.1 June Dec. dJune Dec. Total
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Atomic
Number

Jan. July
Isotope dJune Dec.

Table’ 9 - Continued

1946 1947

Jan. July
June Dec.

1948 1949

Jan. July Jan. July
June Dec. June Dec.

Total

56

58

T4

(P

8o

81

82

Ba 130
132
134
135
136
1537
138

Ce 136
138
140
142

w 180
182
183
184
186

Re 185
187

Hg 199
201
20k

Tl 203
205

Po 204
206
207
208
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Total 34

130

Total Elements:

Total Isotopes:
(different)

Total Shipments:
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28

34
138

685

BEK RN VR e BN T e T e

no
O N

82 21 131 17

(00
Ul Grnoo\o I Oy

ON



